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Abstract
Study objective—Declines in physical
functioning are a common result of
chronic illness, but relatively little is
known about factors not directly related to
severity of disease that influence the
occurrence of disability among chroni-
cally ill persons. The aim of this study was
to assess the eVect of a large number of
potential determinants (socio-
demographic factors, health related be-
haviour, structural living conditions, and
psychosocial factors).
Design—Longitudinal study of levels and
changes of physical functioning among
persons suVering from four chronic dis-
eases (asthma/chronic obstructive pulmo-
nary disease (COPD), heart disease,
diabetes, chronic low back pain). In 1991,
persons suVering from one or more of
these diseases were identified in a general
population survey. Self reported disabilit-
ies, using a subset of the OECD disability
indicator, were measured six times be-
tween 1991 and 1997. These data were ana-
lysed using generalised estimating
equations, relating determinants
measured in 1991 to disability between
1991 and 1997, and controlling for a
number of potential confounders (age,
gender, year of measurement, and type
and severity of chronic disease).
Setting—Region of Eindhoven (south
eastern Netherlands).
Participants—1784 persons with asthma/
COPD, heart disease, diabetes mellitus
and/or low back pain.
Main results—In a “repeated prevalence”
model, statistically significant (p<0.05)
and strong associations were found be-
tween most of the determinants and the
prevalence of disabilities. In a “longitudi-
nal change” model, statistically signifi-
cant (p<0.05) predictors of unfavourable
changes in physical functioning were low
income and excessive alcohol consump-
tion, while we also found indications for
eVects of marital status, degree of urbani-
sation, smoking, and external locus of
control.
Conclusions—Other factors than charac-
teristics of the underlying disease have an
important influence on levels and changes
of physical functioning among chronically
ill persons. Reduction of the prevalence of
disabilities in the population not only
depends on medical interventions, but

may also require social interventions,
health education, and psychological inter-
ventions among chronically ill persons.
(J Epidemiol Community Health 2001;55:631–638)

The compression of morbidity hypothesis
suggests that it may be possible to reduce
cumulative lifetime morbidity, while maintain-
ing or even further increasing total life expect-
ancy.1 This requires a reduction of the burden
of chronic morbidity, either by reducing the
incidence of chronic diseases, through primary
or secondary prevention eVorts, or by limiting
the losses of physical functioning and other
consequences that often accompany chronic
diseases. Although prevention of chronic dis-
eases may be preferable from a public health
point of view, current prospects for total elimi-
nation of chronic diseases are mostly unrealis-
tic, and the second approach therefore is
certainly also needed.

How to reduce the losses of physical
functioning that often accompany chronic dis-
eases? Here again, one should perhaps first
look at opportunities for preventing such
losses, by identifying determinants of physical
disabilities among chronically ill persons and
by acting on those determinants. Relatively lit-
tle is known, however, about such determi-
nants. Previous studies have suggested that, in
addition to age and aspects of chronic disease
itself (for example, type and severity), a
number of “extraneous” factors may also play a
part. This includes sociodemographic variables
like gender, race, marital status and socioeco-
nomic status2–10; behaviour related determi-
nants like smoking, physical exercise, obesity
and alcohol consumption5–8 11–13; and psychoso-
cial factors like social support and self
eYcacy.5 8 14 Results of previous studies are,
however, inconsistent and have not always been
adequately controlled for presence and severity
of chronic diseases.

In this paper we report on a population-
based study, in which we explored possible
determinants of levels and changes of physical
functioning among persons suVering from one
or more of four specific chronic diseases
(asthma/chronic obstructive pulmonary dis-
ease (COPD), heart disease, diabetes mellitus,
low back pain). We looked at a wide range of
possible determinants and controlled for pres-
ence and severity of chronic disease at baseline.
In addition to the three groups of variables
mentioned above (sociodemographic variables,
health related behaviours, and psychosocial
factors) we also looked at “structural living
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conditions”, such as housing and working con-
ditions and financial problems. The reason for
including this set of variables was that one con-
sistent finding from previous studies is that
socioeconomic status is an important predictor
of disabilities. The eVect of socioeconomic sta-
tus on disabilities is likely to be attributable at
least in part to structural living conditions, but
it is unknown which specific factors are
involved.

Methods
POPULATION

We used data from the GLOBE study, which is
the Dutch acronym for “Health and Living
Conditions of the Population of Eindhoven and
surroundings”.15 The study started in 1991
with a baseline measurement consisting of a
postal survey and an oral interview. The postal
survey was sent to a random sample of 27 070
inhabitants (15–74 years) of the city of
Eindhoven and 17 surrounding municipalities.
The response rate of the postal survey was
70.1% (n=18 973). About five months later, an
oral interview was held among a sample of
3968 persons drawn from respondents to the
postal survey. To increase the power of the
study, people who reported one or more of the
following chronic diseases were overrepre-
sented in this sample: asthma/COPD, heart
disease, diabetes mellitus, and severe low back
complaints. These diseases were overrepre-
sented because they are fairly common, and
cover a wide range of possible consequences of
disease. The response rate was 72.3%, result-
ing in 2867 respondents. For the analyses pre-
sented in this paper, respondents suVering
from at least one of the four chronic diseases
were selected. This selection resulted in a sam-
ple size of 1784 respondents in 1991.

Between 1992 and 1995, follow up data were
collected by a postal survey, while in 1997 the
data collection consisted of a postal survey and
an interview. Each study year, the respondents
to the 1991 questionnaire who suVered from
one or more of the four chronic diseases
(n=1784), were asked to participate again,
unless one of the following events had oc-
curred: mortality (total number of events (n) =
155); refusal to further participate in the study
(n=181), emigration (n=7), lost to follow up
(n=13). Table 1 contains, for each study year,
the number of people approached and the
number not approached, the number of
respondents and non-respondents, the number

of respondents with missing data on disability,
and the resulting number of observations
included in the analyses.

DATA

Disabilities were measured by responses to the
Organization for Economic Cooperation and
Development (OECD) Long-term Disability
Questionnaire.16 The OECD indicator meas-
ures physical functioning with a specific focus
on the aspects of self care, mobility, and
communication. In this study, we used a modi-
fied eight item version (see appendix), which
was based on factor analysis of the OECD
items in a Dutch sample17 and was mainly
restricted to aspects of mobility and communi-
cation. The respondent was asked with how
much eVort a specific task could be done; pos-
sible answers were: (1) with no eVort, (2) with
some eVort, (3) with a lot of eVort, (4) I cannot
do this. A total score was calculated, in which
the separate answers were counted according
to this ranking (for example, “no eVort”=1 and
“I cannot do this”=4). Thus, the total score for
the eight items potentially ranged between 8
(no disabilities) and 32 (“I cannot do this” for
all eight tasks). In 1991, the OECD indicator
was part of the oral interview, while in
subsequent years (yearly between 1992 and
1995 and then again in 1997) it was part of a
postal survey. Because the focus of the analysis
was on diVerences between subgroups in levels
and changes of disability, bias attributable to
diVerences in method of administration be-
tween the first and the other five measurements
is very unlikely.

The presence of four specific chronic diseases
was measured in 1991 by using disease specific
questionnaires on asthma/COPD,18 heart dis-
ease,19 20 diabetes mellitus,21 and severe low
back complaints.22 23 Information from these
questionnaires was used to assign each re-
spondent to a specific category of a disease,
indicating severity, including a category of
respondents that did not suVer from the
specific disease. For asthma/COPD, five cat-
egories were distinguished: (1) no asthma/
COPD; (2, 3 and 4) three categories indicating
increasing severity of the disease (asthma/
COPD grade 1, 2 and 3); and (5) other forms
of asthma/COPD.18 For heart disease the
following six categories were distinguished: (1)
no heart disease; (2) non-specific symptoms;
(3) angina pectoris without heart failure; (4)
heart failure without angina pectoris; (5)
angina pectoris with heart failure; (6) other

Table 1 Number of participants approached and not approached in each study year; number of non-respondents and
respondents of those approached each study year; number of respondents with missing data and number in analyses of
OECD score

Year Total
Not approached*
(% death) Approached† Non-respondents Respondents Missing data (%)

Number in
analyses‡

1991 1784 — 1784 — 1784 141 (7.9) 1643
1992 1784 86 (19) 1698 189 1509 134 (8.9) 1375
1993 1784 165 (29) 1619 227 1392 103 (7.4) 1289
1994 1784 233 (32) 1551 206 1345 100 (7.4) 1245
1995 1784 292 (34) 1492 247 1245 82 (6.6) 1163
1997 1784 356 (44) 1428 161 1267 97 (7.7) 1170

*Initial participants could not be approached again to participate for any of the following reasons: (1) mortality; (2) explicit refusal
to further participate in the study; (3) emigration; (4) loss to follow up. †Number approached = total number minus number not
approached. ‡Number in analyses = number of respondents minus number with missing data.
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forms of heart disease.19 20 Four categories of
the diabetes variable were distinguished: (1) no
diabetes; (2) diabetes without complications;
(3) diabetes with at least one complication; (4)
other forms of diabetes.21 Finally, seven catego-
ries of low back pain were distinguished: (1) no
complaints; (2) complaints in upper part back/
shoulder(s); (3) low back pain, no radiation,
less than three months; (4) low back pain, with
radiation, less than three months; (5) low back
pain, no radiation, at least three months; (6)
low back pain, with radiation, at least three
months; (7) other forms of back com-
plaints.22 23 Numbers of respondents with at
least some degree of suVering from each of
these conditions were as follows: asthma/
COPD 708, heart disease 969, diabetes
mellitus 253, and low back pain 1103. Many
respondents suVered from more than one con-
dition.

In addition to the presence of chronic
diseases self reports on a wide range of possible
determinants of disabilities were elicited in
1991 (number of categories distinguished in
the analysis within parentheses):
x sociodemographic variables: age (in years),

gender (2), marital status (4), degree of
urbanisation (4), level of education (4),
occupational class (6), equivalent household
income (5)

x lifestyle factors: smoking (5), alcohol con-
sumption (5), leisure time physical exercise
(4), body mass index (3)

x structural living conditions: housing condi-
tions (4), neighbourhood conditions (4),
physical working conditions (7), job control
(7), job demands (5), social support at work
(5), financial problems (3), labour market
position (7)

x psychosocial factors (all measured as con-
tinuous scores, scale lengths given in table
with results): long lasting diYculties, seven
coping styles, emotional and instrumental
social support, neuroticism, locus of control.
Fuller descriptions of these variables can be

found in another paper.15

ANALYSES

Because we used six repeated measurements of
disability, adjustment for within subject corre-
lation was necessary, which was achieved by
using the generalised estimating equations
(GEE) method.24 SAS version 6.12 TS level
0060 was used. Two diVerent models were fit-
ted, each with the (continuous) OECD score as
dependent variable.

The first model contained the determinant
of interest as well as a number of possible con-
founders (age, gender and chronic disease by
severity category in 1991, and year of measure-
ment). This model was used to study associa-
tions between each of the determinants as
measured in 1991 and average levels of disabil-
ity as measured between 1991 and 1997. We
will call this the “repeated prevalence” model,
because it essentially quantifies the eVect of
determinants on the prevalence of disability as
measured repeatedly, adjusted for dependen-
cies of successive measurements within indi-
viduals and adjusted for a common trend with
year (that is, changes over time that are
common to all participants) and other possible
confounders. The parameters of interest are
the coeYcients for each of the categories of the
determinants (indicating the unit diVerence in
average disability level during the whole period
1991–1997, measured on a scale between 8
and 32, when comparing the category of the
determinant to a reference category), their
standard errors, as well as the p value for an
overall test of statistical significance of the con-
tribution of the determinant to the model
(Wald test).

The second model contained all variables of
the first model as well as interaction terms
between the determinant of interest and year of
measurement, between the determinant of
interest and age, and between age and year of
measurement. This model was used to study
associations between each of the determinants
and changes in physical functioning. We will
call this the “longitudinal change” model,
because it quantifies associations between
determinants as measured in 1991 and changes
in disabilities between 1991 and 1997, adjusted
for dependencies of successive measurements
within individuals and adjusted for a common
trend with year and other possible confound-
ers. The parameters of interest were the coeY-
cients for the interaction terms between year of
measurement and each of the categories of the
determinants (indicating the unit extra in-
crease in disability level per year, measured on
a scale between 8 and 32, when comparing one
category of the determinant to a reference cat-
egory), their standard errors, as well as the p
value for an overall test of statistical signifi-
cance of the contribution of these interaction
terms to the model (Wald test). The interaction
between determinant and age was added to the
model in order to remove possible confounding
due to diVerences between categories of the
determinants in the eVects of age (that is,
aging). The interaction between age and year of
measurement was added to the model in order
to remove possible confounding due to diVer-
ences between age groups in the eVects of yearFigure 1 Distribution of the OECD score during the baseline measurement (1991).
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(that is, trend over time). Without these two
interaction terms adjustment for the (longitu-
dinal) eVects of age would have been incom-
plete.

Results
The prevalence of disabilities in our study
population at baseline, indicated by the OECD
score, is given in figure 1. Although the partici-
pants were selected on the basis of the presence
of chronic disease, about a third reported no
disabilities at all (OECD score = 8). The aver-
age OECD score was 10.83 in 1991, and 11.01
in 1997.

Before we present the results for each of the
groups of determinants, we will first briefly
describe the associations between each of the
four diseases included in the study and disabil-
ity (table 2). It is important to note that our
study population was limited to persons suVer-
ing from at least one of these diseases, and that
all analyses are controlled for the presence of
(other) chronic diseases. Therefore, the refer-
ence categories in table 2 (for example, “no
astma/COPD”) refer to persons suVering from
one of the other conditions, and all associations
presented in the table reflect the eVect of (dis-
ease specific) comorbidity on physical disabilit-
ies. In the repeated prevalence model, asthma/
COPD, heart disease and low back pain are
statistically significantly (p<0.05) associated
with the presence of physical disabilities, as
indicated by the “overall p values” for the
inclusion of these variables to the model. For
example, a person having “severe asthma/
COPD” has a 0.922 points higher OECD

score, on average during the period 1991–
1997, than a person without asthma/COPD. In
the longitudinal change model, asthma/COPD
and diabetes mellitus are statistically signifi-
cantly (p<0.05) associated with changes in
physical functioning, while the overall p value
of including heart disease to the model
indicates only borderline statistical significance
(p<0.10). The presence of asthma/COPD,
heart disease and diabetes goes together with a
larger increase in the number and/or severity of
disabilities. For example, among persons hav-
ing “severe asthma/COPD” in 1991 the OECD
score increases 0.132 points per year faster
than among persons without asthma/COPD.

Table 3 presents the results for the socio-
demographic variables. In addition to an over-
all p value for the statistical significance of each
of the determinants, the table also presents the
coeYcients for the most informative level of
each of the determinants, usually the level
indicating the highest exposure to the determi-
nant. In the repeated prevalence model,
relatively small eVects are seen for gender and
degree of urbanisation (coeYcients for the
“extreme” categories are −0.368 and −0.258,
respectively, implying a 0.368 and 0.258 points
lower OECD score than the reference cat-
egory). Larger eVects are seen for marital
status, level of education, occupational class
and household income (coeYcients for the
extreme categories range between 1.248 and
1.853). Chronically ill persons who are di-
vorced, have a low level of education, belong to
the manual occupational class or have a low
household income, have more disabilities than

Table 2 The presence of four chronic diseases: associations with levels and changes of disability

Repeated prevalence model* Longitudinal change model†

CoeYcient
Standard
error

Overall p
value CoeYcient

Standard
error

Overall p
value

Asthma/COPD <0.001 0.036
Severe‡ versus no 0.922 0.258 0.132 0.045

Heart disease <0.001 0.083
Severe§ versus no 3.014 0.476 0.099 0.068

Diabetes mellitus 0.110 0.002
Severe¶ versus no 1.044 0.484 0.281 0.076

Low back pain <0.001 0.653
Severe{ versus no 2.144 0.340 −0.029 0.052

*Adjusted for age, gender and other chronic disease by severity category in 1991, and year of measurement (1991–1997). †Adjusted
for age, gender and other chronic disease by severity category in 1991, year of measurement (1991–1997), and the interactions
between the determinant of interest and age and between age and year of measurement. ‡Asthma/COPD grade 3. §Angina pectoris
with heart failure. ¶Diabetes mellitus with at least one complication. {Low back pain, with radiation, at least three months.

Table 3 Sociodemographic variables: associations with levels and changes of disability

Repeated prevalence model* Longitudinal change model†

CoeYcient
Standard
error

Overall p
value CoeYcient

Standard
error

Overall p
value

Gender 0.058 0.796
Male versus female −0.368 0.194 0.007 0.028

Marital status <0.001 0.085
Divorced versus married 1.816 0.595 0.072 0.087

Degree of urbanisation 0.036 0.056
Rural versus big city −0.258 0.304 0.064 0.038

Level of education <0.001 0.267
Low versus high 1.477 0.282 0.050 0.039

Occupational class 0.003 0.761
Manual versus professional 1.248 0.357 0.065 0.076

Household income <0.001 0.006
Low versus high 1.853 0.382 0.171 0.056

*Adjusted for age, gender and chronic disease in 1991 by severity category, and year of measurement (1991–1997). †Adjusted for
age, gender and chronic disease in 1991 by severity category, year of measurement (1991–1997), and the interactions between the
determinant of interest and age and between age and year of measurement.
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chronically ill persons who are married, have a
high level of education, belong to the profes-
sional occupational class, or have a high house-
hold income. In the longitudinal change
model, only household income is statistically
significantly (p<0.05) associated with changes
in physical functioning, whereas the associa-
tions with marital status and degree of urbani-
sation are only borderline statistically signifi-
cant (p<0.10). Among chronically ill persons
with a low household income the OECD score
increases 0.171 points per year faster than
among chronically ill persons with a high
household income. The divorced and those liv-
ing in rural areas also seem to have a less
favourable course of physical functioning.

Table 4 presents the results for the health
related behaviours. Smoking, alcohol con-
sumption, leisure time physical exercise, and
body mass index are all statistically signifi-
cantly (p<0.05) associated with the prevalence
of disabilities in the repeated prevalence model.
Chronically ill persons who smoke, drink
excessively or are sedentary have higher OECD
scores; for body mass index, it is not obesity
that is associated with a higher OECD score
but a very low body weight (body mass index
<20 kg/m2; results not shown). In the longitu-
dinal change model, only alcohol consumption
is statistically significantly associated with
changes in physical functioning: chronically ill
persons with excessive alcohol consumption
have slightly faster increasing (0.132 points per

year) OECD scores than persons with moder-
ate alcohol consumption. Although the overall
test for smoking does not indicate statistical
significance, chronically ill persons who are
heavy smokers do have faster increasing (0.178
points per year) OECD scores than chronically
ill non-smokers.

Table 5 presents the results for structural liv-
ing conditions. Again, most of the variables are
associated with the prevalence of disabilities in
the repeated prevalence model. The largest
coeYcient is seen for financial problems:
chronically ill persons with great financial
problems have a considerably higher preva-
lence of disabilities (2.941 points) than chroni-
cally ill persons without financial problems. In
the longitudinal change model, none of the
variables is statistically significantly associated
with change in physical functioning. The four
work related variables have (non-significant)
negative coeYcients in this model, suggesting
that more unfavourable working conditions are
associated with less increase in disabilities.

Table 6 presents the results for the psychoso-
cial variables. Longlasting diYculties, some of
the coping styles, (lack of) social support, neu-
roticism and external locus of control are all
statistically significantly associated with a
higher prevalence of disabilities. EVect sizes
cannot directly be compared with those of the
variables discussed before, because the psycho-
social factors were included as continuous
variables (scale lengths given in table 6). For

Table 4 Health related behaviours: associations with levels and changes of disability

Repeated prevalence model* Longitudinal change model†

CoeYcient
Standard
error

Overall p
value CoeYcient

Standard
error

Overall p
value

Smoking 0.009 0.293
>20 cig/day versus never 1.404 0.436 0.178 0.084

Alcohol consumption <0.001 0.044
Excessive versus moderate 0.252 0.833 0.132 0.050

Physical exercise <0.001 0.788
None versus frequent 1.985 0.480 −0.019 0.068

Body Mass Index 0.009 0.349
Obese versus normal −0.132 0.255 0.037 0.037

*Adjusted for age, gender and chronic disease in 1991 by severity category, and year of measurement (1991–1997). †Adjusted for
age, gender and chronic disease in 1991 by severity category, year of measurement (1991–1997), and the interaction between the
determinant of interest and age and between age and year of measurement.

Table 5 Structural living conditions: associations with levels and changes of disability

Repeated prevalence model* Longitudinal change model†

CoeYcient
Standard
error

Overall p
value CoeYcient

Standard
error

Overall p
value

Housing conditions 0.061 0.776
Three problems versus none 0.948 0.403 0.061 0.083

Neighbourhood conditions 0.117 0.953
Three problems versus none 0.731 0.393 −0.005 0.054

Physical working conditions 0.004 0.823
>Five problems versus none 0.187 0.320 −0.026 0.068

Job control 0.002 0.794
Five problems versus none −0.102 0.510 −0.100 0.109

Job demands <0.001 0.812
High versus low −0.186 0.443 −0.057 0.063

Social support at work 0.018 0.627
Very little versus much 0.194 0.356 −0.037 0.067

Financial problems <0.001 0.680
Great problems versus none 2.941 0.546 0.030 0.081

Position in labour market <0.001 0.632
Unemployed versus paid work 0.881 0.432 0.058 0.074

*Adjusted for age, gender and chronic disease in 1991 by severity category, and year of measurement (1991–1997). †Adjusted for
age, gender and chronic disease in 1991 by severity category, year of measurement (1991–1997), and the interactions between the
determinant of interest and age and between age and year of measurement.

Determinants of physical functioning in chronically ill persons 635

www.jech.com

http://jech.bmj.com


example, one extra longlasting diYculty
(measured with a list of 12 items) is associated
with a 0.238 point higher OECD score. In the
longitudinal change model, the variable com-
ing closest to borderline statistical significance
is locus of control: there is some indication that
an external locus of control is associated with a
marginally faster increase of the OECD score
as compared with an internal locus.

Discussion
Our results suggest that among chronically ill
persons the prevalence and severity of disabilit-
ies depends on a wide range of “extraneous”
factors. With a repeated prevalence model in
which we controlled for type and severity of
chronic disease, we found strong associations
between sociodemographic factors, health re-
lated behaviours, living and working condi-
tions, and psychosocial factors on the one hand
and the OECD score on the other hand. Quite
clearly, these cross sectional associations must
have originated at some point in time, but in
the six year period covered by the longitudinal
change model we only witnessed some of these
processes. We found indications of varying
strengths that marital status, degree of urbani-
sation, household income, smoking, alcohol
consumption, unemployment, and locus of
control are predictors of change in physical
functioning, but only in the case of household
income and alcohol consumption did the over-
all tests reach conventional levels of statistical
significance.

Our study suVers from a number of
limitations, which we will briefly discuss:

(1) Our study is based on a population sam-
ple of chronically ill persons, and although this
increases the external validity of the study, it
also implies that average severity is likely to be
lower than in samples recruited in, for example,
health care institutions. The fact that the total
response at baseline is low, with disabled

persons being more likely to be non-
responders, may further contribute to the low
prevalence of severe disabilities. This low
severity is reflected in the fact that the average
OECD score in our study population is around
10—that is, only two points above the mini-
mum value. With such a low prevalence of dis-
ability, the eVects of determinants, particularly
on changes in disability, may be diYcult to
detect. This will even more be the case when
the dependent variable is measured on an
absolute scale, as we did—given the low
average level of disability, absolute changes can
only be even smaller. We would also like to note
the fact that we have used a continuous score to
summarise the OECD indicator. This is a
rather crude measure that may conceal changes
for specific aspects. Perhaps this partly explains
the lack of associations between determinants
and changes in disability in our study. Other
reasons for not finding more “longitudinal”
associations may be small sample size and short
length of follow up (only six years, while the
cross sectional associations were based on an
age range of 60 years).

(2) Our study is entirely based on self reports.
In this population-based study, it was impossi-
ble for budgetary reasons to include objective
measurements of disease, disability and/or
determinants. Although we used validated
questionnaires where available, the use of self
reports may have lead to a higher degree of
(non-) diVerential misclassification. One indi-
cation is that neuroticism, which is associated
with negative reporting tendencies, is also asso-
ciated with the prevalence of disabilities (table
6). The results obtained in this study should
therefore be taken as indications to be con-
firmed in further studies that, perhaps on a
smaller scale, should use more optimal
measurement strategies, such as physical per-
formance measures based on the observation of
a subject’s performance of standardised tasks.25

Table 6 Psychosocial factors: associations with levels and changes of disability

Repeated prevalence model* Longitudinal change model†

CoeYcient
Standard
error

Overall p
value CoeYcient

Standard
error

Overall p
value

<0.001 0.464
Longlasting diYculties (0–12)‡ 0.238 0.054 0.005 0.007

<0.001 0.319
Coping: confronting (8–32)‡ −0.097 0.022 0.004 0.004

<0.001 0.842
Coping: depressive (7–24)‡ 0.154 0.039 0.001 0.005

0.048 0.663
Coping: avoiding (7–26)‡ 0.064 0.032 0.002 0.005

0.156 0.533
Coping: social support seeking (6–24)‡ −0.040 0.028 −0.003 0.004

0.478 0.864
Coping: palliative (6–22)‡ −0.025 0.035 0.001 0.005

0.311 0.747
Coping: emotions (3–12)‡ −0.052 0.051 0.003 0.009

0.239 0.839
Coping: optimistic (4–16)‡ −0.046 0.039 −0.002 0.007

<0.001 0.436
Social support: emotional (0–30)‡ −0.064 0.018 −0.002 0.002

0.018 0.982
Social support: instrumental (0–24)‡ −0.057 0.024 −0.000 0.003

<0.001 0.318
Neuroticism (0–12)‡ 0.133 0.035 −0.004 0.004

<0.001 0.165
Locus of control (12–55)‡ 0.054 0.014 0.003 0.002

*Adjusted for age, gender and (other) chronic disease by severity category in 1991, and year of measurement (1991–1997).
†Adjusted for age, gender and (other) chronic disease by severity category in 1991, year of measurement (1991–1997), and the
interaction between the determinant of interest and age. ‡Scale length.
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(3) During the follow up period of our study,
considerable attrition has occurred (table 1).
One of the advantages of using GEE analysis is
that we were not forced to limit the analysis to
respondents with complete follow up, but
could include in the analysis all those who par-
ticipated at baseline, regardless of the number
of measurements available. Of course, missing
observations could still bias the results, particu-
larly if associations between determinants and
disability would be diVerent between missing
respondents/measurements than for the obser-
vations included in the analysis. One of the
causes of attrition is death, which could be seen
as an extreme form of disability and is
associated with many of the determinants
included in the analysis. It is necessary,
therefore, to qualify the results by acknowledg-
ing that the reported associations probably
only are valid conditional upon survival.

(3) The analyses reported in this paper are
essentially univariate. We did control for a
number of possible confounding variables,
including age and chronic disease (but exclud-
ing other diseases, than the four selected
conditions), however, the associations between
each of the determinants of interest and
disability were not mutually controlled. This is
in line with the aims of the analysis, which were
mainly exploratory, and is also related to the
fact that truely multivariate models, particu-
larly multivariate “longitudinal change” mod-
els, would have become very complex.
Nevertheless, further studies focusing on a
smaller number of possible determinants
should consider multivariate analyses in order
to discover if the associations reported in this
paper are mutually independent.

Despite these limitations, our results indicate
that levels and changes of physical functioning
among chronically ill persons are partly deter-
mined by factors external to the disease process
itself. These results largely confirm what others
have reported before us,25 26 but our study is
characterised by some methodological refine-
ments that have not frequently been achieved
before. Firstly, not all previous studies have
adequately controlled for type and severity of
chronic disease. Secondly, not all previous
studies have followed the same analytical
approach, in which longitudinal change is
clearly separated from cross sectional diVer-
ences. By using unconditional regression
models—that is, by not conditioning on the
first measurement—we have also more eVec-
tively avoided regression to the mean than
many previous studies.27 28

Because we have included such a wide range
of possible determinants, our results enable us
to compare and relate diVerent (types of)
determinants. One of our most striking find-
ings relates to the importance of household
income: this is not only a powerful predictor of
levels of disability, but also one of the most
important predictors of change in physical
functioning: more important than the other
two indicators of socioeconomic status (level of
education and occupational class), and more
important than gender and marital status,
which have in previous studies been found to

be important predictors of change in physical
functioning.2–10 In a country like the Nether-
lands, which is characterised by relatively small
income inequalities and a general lack of finan-
cial barriers to health care utilisation, this is a
remarkable finding. Our other results suggest
that the association between household income
and change in physical functioning can at least
partly be explained by higher rates of smoking
and external locus of control among those with
a low household income. Other analyses within
the GLOBE study have shown that these vari-
ables are strongly associated with indicators of
socioeconomic status: persons with a lower
income smoke more and more often have an
external locus of control.29 30 The results
reported in this paper show that these variables
are also associated with unfavourable changes
in physical functioning, suggesting that the
eVect of low income on physical functioning is
at least partly mediated by smoking and exter-
nal locus of control. Whether these eVects are
themselves mediated by unfavourable changes
in disease severity, or operate entirely inde-
pendently from changes in disease severity over
time, is diYcult to say. Our analyses only con-
trolled for disease severity at baseline, and this
does not preclude the possibility that the
factors that then were still external to the
disease process, actually exerted their eVects
through later changes in disease severity.

In conclusion, factors other than characteris-
tics of the underlying disease have an impor-
tant influence on levels and changes of physical
functioning among chronically ill persons.
Compression of morbidity not only depends on
medical interventions, but may also require
social interventions, health education, and psy-
chological interventions among chronically ill
persons.
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KEY POINTS

x Little is known about factors not directly
related to severity of disease that influ-
ence the occurrence of disability among
chronically ill persons.

x We assessed the eVect of socio-
demographic factors, health related be-
haviour, structural living conditions, and
psychosocial factors on levels and
changes of physical functioning among
chronically ill persons.

x Strong associations were found between
most of the determinants and the preva-
lence of disabilities.

x Predictors of unfavourable changes in
physical functioning were low income and
excessive alcohol consumption.

x Reduction of the prevalence of disability
in the population not only depends on
medical interventions.
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Appendix OECD Long term disability
questionnaire
1 Can you hear what is said in a normal conversation

with one other person?
(with a hearing aid if you usually wear one).

2 Can you hear what is said in a normal conversation
with at least three other persons?
(with a hearing aid if you usually wear one).

3 Is your eyesight good enough to read ordinary
newspaper print?
(with glasses if usually worn).

4 Is your eyesight good enough to see the face of some-
one from four metres?
(with glasses if usually worn).

5 Can you both bite and chew on hard food?
(for example a firm apple).

6 Can you carry an object of 5 kilos for 10 metres ?
7 Can you (when standing), bend down and pick up a

shoe from the floor?
8 Can you walk 400 metres without resting?

The possible answers were:
(a) yes, without diYculty
(b) yes, with some diYculty
(c) yes, with much diYculty
(d) no, I cannot do this
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